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ITALIAN AND SPECIALTY CHEESE SEMINAR 
The Italian and Specialty Cheese Seminar is 
an event where cheese makers, industry suppliers and 
technical experts come together in an atmosphere oJ 
camaraderie and shared interests; where educational 
forums and the latest technologies which will ad-
vance the italian and specialty cheese industry are 
presented; and concerns are shared and solved 
through strong business relationships. 
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Specialty Cheese and Marschall 
Specialty Ingredients Partnership 
Dave Potter, 
Marschall Specialty Ingredients 
Madison, WI 
I. Introduction 
The topic of Specialty Cheeses has been the buzzword of the dairy industry 
for the past five to ten years. It seems that everyone has a specialty cheese or 
wants to stan making it. Being involved in the Dairy Technical Service group 
with Rhone-Poulenc for the past 14 years, I have seen the interest in specialty 
cheese increase in all levels of production volumes and milk types. During these 
past five years, most of the development groundwork that was started has begun 
to flourish . The state of Wisconsin has been a leader in the development of 
production and marketing programs for this category of cheese. As an example , 
Wisconsin Specialty Cheese Institute was founded in 1993 with a mission to 
promote the development in Wisconsin of a profitable specialty cheese industry 
recognized as producing the best quality and largest variety of specialty cheeses 
in the world . There have been many efforts by Wisconsin Specialty Cheese 
Institute and Wisconsin Milk Marketing Board to promote and grow this segment 
of the dairy industry. As reponed by "The Cheese Reporter" in the july 26 , 1996 
edition , WMMB alone has set aside over $1 million for specialty cheese pro-
grams. Specialty Cheese really has become "special". 
With all this time and elTon being put fonh , I think it is important to ask 
"What exactly is a Specialty Cheese?" Each cheesemaker here today will tell you 
that their cheese is special and should qualify to be called a Specialty Cheese. I 
am using a definition given by Wisconsin Specialty Cheese Institute that lays out 
some of the requirements to fit their category: 
"Specialty food products as used herein shall mean: foods , beverages or 
confections meant for human use that are of the highest grade , style , and I or 
quality in their category Their specialty nature derives from a combination of 
some or all of the following qualities: their uniqueness, exotic origin, particular 
processing, design , limited supply, unusual application or use , extraordinary 
packaging or channel of distribution and sale, the common denominator of 
which is their unusually high quality" 
The following criteria also need to be met to qualify for participation in the 
Wisconsin Specialty Cheese Institute: 
• The cheese item category size is less than 40 million pounds produced per 
year in the US ("Item" is defined as a type of cheese using a specific make 
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procedure or preparation) 
• The cheese commands a premium price versus a commodity price 
• The cheese is a natural cheese 
• The cheese is of a high quality 
• The cheese is made from at least 95% Wisconsin milk and wears a spe-
cialty seal 
The above criteria demonstrate what is special about Wisconsin Specialty 
Cheese. 
II. Success of Specialty Cheeses 
Production of specialty cheeses in Wisconsin totaled 95 million pounds in 
1994 and increased to 97.5 million in 1995. By all accounts, this growth rate will 
continue through the year 2000. Figure #I shows the breakdown of the styles of 
cheeses produced in Wisconsin . On a national level , the figures for the amount of 
production are not as readily available . Statistically, the USDA grouped Specialty 
Cheeses in the "All Other Types" category. The amount of specialty cheese 
produced and sold in the US can be a very vague number at this time . In speak-
ing with Mr. Kevin Hintzman with the USDA, they have just begun tracking 
production and sales of Hispanic type cheeses on a nation wide basis starting in 
january 1996. Any production or sales figures available are those from cheese 
buyers, consultants or importers. Figure #2 shows an estimated Specialty Cheese 
market including both domestic and imported varieties. The trends indicate the 
growth of these cheeses in the US domestic market as compared to a reduction in 
many of the imports. 
Figure# I 
1994 1995 
~ Production Pounds Production Pounds 
Plants (xl()QQ#) ~ (xlOOO#l 
Asia go 6 4,975 6 6,657 
Blue & Gorgonzola 6 30,272 5 30,054 
Edam 4 1.498 5 2,271 
Farmer's Cheese 13 3,432 17 4,478 
Feta 7 14.593 5 15,951 
Gouda 7 5,527 9 4,307 
Havarti 6 1,583 6 1,619 
Limburger I 849 I 868 
Queso Blanco & Hispanic 5 10,222 7 9.928 
Romano 8 12,559 9 12.501 
All Other (I) 11 9,65 I 9 8,928 
Total (2)(3) 44 95, 160 44 97,563 
Percent 
Chanoe 
+34% 
(4) 
NC 
+52% 
+30% 
+9% 
-22% 
+2% 
+2% 
-3% 
NC 
-7% 
+3% 
(1) Combined to avoid disclosing individual plant data. Includes Bel Paese, Brie, 
Camembert, Butterkase, Fontina, Fontinella, Gruyere, Pepato, Port Salute, Raclene, 
Rofumo, Sweet Suise, Toscanello. and Viertaler. 
(2) Total cheese plants producing one or more Specialty Cheeses. 
(3) Total may not be equal to the sum due to rounding. 
(4) NC =No Appreciable Change, Less Than I% 
Source: Wisconsin Agricultural Statistics Service 
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Figure#2 
Cheese 
Type 
Blue & Gorgonzola 
Camembert I Brie 
Fera 
Gouda / Edam 
Havarti 
Hispanic 
Limburger 
Pannesao I Simi Iars 
Goy a 
Romano 
Domestic Annual 
Production Change 
34,100,000 +2.5% 
I 0,670,400 +4% 
37,497,600 +8% 
10,675,000 +15% 
3,725,000 +II % 
43,142,000 +6% 
872,000 +1% 
97,000,000 -15% 
NA NA 
22,800,000 +8 
Source: Dan Carter, Inc. (August 1996) 
Import Annual 
Amounts Change 
5,485,763 -20% 
11 ,019,089 -3.5% 
17,048,919 +17% 
12,417,000 +16% 
13,532,000 -4% 
NA NA 
233 ,000 NC 
960,000 NA 
21 ,682,222 -7% 
76,427,948 +29% 
Total 
Market Size 
39,585,763 
21,689,489 
54,546,519 
23,092,000 
17,307,000 
43,142,000 
1,105,000 
97,960,000 
21,682,222 
99,227,948 
There are many organizations and groups that have been formed in the past 
10-15 years to help develop the specialty cheese industry. As the world becomes 
a more global market and consumers more knowledgeable, the demand by 
consumers for more variety of cheeses has increased . Only recently has the 
production of Scandinavian, European and Latin American varieties become 
economical and allowed the processor a profit to grow and develop.The Ameri-
can Cheese Society is a reflection of the growth of these commercial specialty 
cheese manufactures. The society consists of farmstead and small to moderate 
sized cheesemakers using cows, goat and/or sheep milk. The varieties of cheeses 
represent a majority of the types of cheese that are made around the world today. 
I recently had the opportunity to attend their annual meeting held in Hyde Park, 
NY August 2-4. I also participated as a technical judge for the cheese contest. The 
winner of the best of show was an externally ripened blue mold chevre log. The 
quality of this Best of Show cheese was felt by many importers of cheese to be as 
good or better than some of the French ripened cheeses. 
III. Introduction of Marschall Specialty Ingredients 
The growth and success of the Specialty Cheese Industry has been helped 
from partnerships built from within. Rhone-Poulenc Dairy Ingredients has 
dedicated this year's Marschall Italian and Specialty Cheese Seminar theme to 
"Working Bener Together". It is about continuing the development of the 
partnerships you have created with your busmess and your business associates. 
These associates include consultants and universities, suppliers, vendors, and 
many times competitors. Rhone-Poulenc , Inc. as a company, strives to develop a 
partnership with its customers. The fact that many of us are here today is a result 
of a partnerships that has developed over the years with Marschall Products. 
As the Specialty Cheese Industry has grown, a gap began developing with 
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the availability of quality milk, ingredients and supplies to the small commercial 
cheesemakers. The home cheesemaker producing goat or sheep milk cheese may 
have started with 1-2 gallons of milk per day, a few days each week. Starter 
cultures and coagulants were available for that batch size at a reasonable cost. 
They have now tapped a larger consumer market with their cheese. The produc-
tion is up to 100 to 200 gallons of milk and cheese is made everyday. These 
producers are still very small in terms of overall pounds of milk processed, but 
they are no longer considered a home cheesemaker. It is no longer economical to 
purchase supplies and ingredients as home cheese maker, yet most supplies 
needed are still packaged fo r larger volumes. 
In 1996, Rhone-Poulenc Dairy Ingredients introduced a new partner for the 
Specialty Cheese industry, Marschall Specialty Ingredients. MSI has been created 
to address and meet the need of specialized service created by the growth of 
Specialty Cheeses. The business of Marschall Specialty Ingredients is to supply 
lactic acid bacterial cultures and complementary ingredients to small 
cheesemakers and dairy processors throughout the United States; reliably deliv-
ered in a timely manner with a "personal" touch of knowledgeable service and 
assistance. As a new partner MSI has introduced some of the following services to 
the small processor: 
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l . A wider variety of lactic acid bacteria and mold cultures for American , 
specialty varieties, sheep and goat cheeses. Specific mold and other surface 
ripening cultures available in Europe are now more readily accessible here 
in the US. 
2 . Smaller sizes and quantities of cultures and other dairy food ingredients. 
• Custom package sizes of direct set freeze-dried culture blends suitable for 
50,100 and 300 gallon batch sizes cheese milk and other fermented milks. 
3. Credit Card purchases for same day and future product shipments. 
• Provides a convenient alternative to placing minimum orders 
• Helps to reduce operating costs for both supplier and customer by 
minimizing number of invoices generated 
4. Direct telephone Customer Support for product orders and applications 
• A separate technical "help" line has been established for specialty cheese 
makers to call for assistance in product manufacture, latest technology or 
processes and to place orders. We have dedicated people to service this part 
of the industry and become "in-tune" with new applications. 
5 . A catalog of products offered for specialty and other varieties of cheeses 
• A catalog has been generated to aid in selecting the right type of culture or 
ripening agent needed. For the homestead cheese maker, this has turned 
out to be a valuable tool. 
One aspect that is still untapped is the potential to provide a service to the 
specialty cheese makers via the Internet. This approach would allow technical 
information and ideas to be easily accessible to the industry, 24 hours per day. 
The ability to receive numerous answers to a problem or questions from a 
worldwide database of cheesemakers creates a very exciting time for each of us. 
At the present time , there are over 20 completed Web Sites for and by cheese 
plants here in the US. These cheese sites cover a variety of topics form where to 
buy cheese to basic cheese manufacturing procedures. 
IV. Conclusion 
It has now been eight months since initiating the new partnership. The 
acceptance to the new concept of catering to the small cheese processor has been 
growing. As MSI started, it was not clear of the depth of customers it would 
affect. It is amazing at the number of upstart farmstead cheese companies that are 
now developing and looking for a supplier of this nature . Specific regions in the 
Northeast US have shown a tremendous interest in developing the farmstead 
cheese operations. Some cheese shops are beginning to ripen their own varieties 
of cheese to offer a fresh product to the consumer. 
So where does all of this lead us. The market for specialty European and 
Hispanic varieties of cheese is still very wide open. There is still room for im-
provement, however. Figure #3 demonstrates where cheeses in the US are 
consumed. As the consumer becomes more educated about cheeses and all of the 
varieties available around the world, selected varieties will expand. 
The future of the Specialty Cheese Industry will see: 
• More farmstead cheese operations 
Figure #3 
US Domestic Consumption of Cheeses 
•Retail 
•Food Service 
•Food Processing/ 
Industrial Use 
US Cheese Sales 
40% 
50% 
10% 
US Soecial ty Cheese 
72% 
24% 
4% 
Continued on next page 
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• Demands by restaurants and cheese shops for "fresh" product 
• Increase in European style fresh cheeses for retail and food service appli-
cations. 
• Increase in the knowledge by the Food Service of the cheese market 
It will become necessary for the cheesemaker w promote and market 
products on a direct level with food service and restaurants. 
• Increased use of the lnternets World Wide Web for obtaining technical 
information on cheesemaking, ordering supplies and communicating 
with-in the industry. 
Challenge of Industry-Academia 
Partnerships 
Rusty Bishop 
Wisconsin Center for Dairy Research 
University of Wisconsin - Madison 
When we think of partnerships between industry and academia, it is almost 
like reading a chapter from the book, "Men are from Mars, Women are from 
Venus." Both parties usually have very different views of what we are talking 
about. Industry thinks of, "free technology development which we can direct 
and use if we care to." Academia thinks of, "another source of funding for which 
there does not have to be a return ." 
For a partnership (marriage) to work, it must benefit both. Academia must 
initially critically review its image and performance. University research is 
presently viewed as too basic, too slow, too general , no intellectual property 
value, does not understand industry's needs. Can academia break out of this 
perception so we make research more real; balance our research portfolio be-
tween long-term and short-term, basic and applied projects; can offer intellectual 
property rights; and can better understand the ul timate needs of industry? 
Understanding the dairy industry's needs is much more than conduction a 
survey and asking what their needs are. Surveys usually don't work for the 
following reasons: a) industry does not want to make their needs or concerns 
public; b) industry cannot adequately articulate their needs in a university 
setting; and c) "if you're asking, then you truly don't understand my needs." The 
best way to understand the dairy industry's needs is to work with them and build 
a long-term relationship. At this point, you will know their needs without 
asking. 
The next key is delivering based on these needs. There exists a definite gap 
between university research and industry utilization that can only be filled by a 
form of technology transfer. One form of technology transfer is the development 
of "Applications Programs." This involves the scale-up of university-developed 
technology to a point where questions related to feasibility, usefulness , cost 
effectiveness, engineering concerns, etc. are answered to a point where industry 
can make an intelligent business decision about the technology Technical 
assistance/technical support may also be an important component of ul timate 
industry utilization of developed technology. 
Back to the initial points, academia and industry must both bring some-
thing to a partnership and overcome some of the perceived and real hurdles to 
make it work for both. Academia's role is two-fold- train students and support 
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the targeted industry with technology development. It is also important that 
academia view industry (and funding boards) as an investor and not a benefactor. 
Industry's role is to input into research planning, execution, and utilization at the 
academic level so solutions are achieved for the appropriate issues. 
If everyone truly understands their roles, is willing to totally fulfil! those 
roles, and takes the view of what is best for the dairy industry as a whole , part-
nerships will work. If partnerships between industry and academia work , we 
will attain our ultimate goal - SUCCESS' 
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Can Outside Testing Labs be Your Partner 
to Save Time and Money? 
J.L. Johnson 
Diebel Laboratories, Inc. 
Madison, WI 
Objectives 
l. Food company: to produce a safe, high quality food product at the lowest 
possible cost 
2. Testing lab: to analyze samples accurately and efficiently 
Factors influencing decision on w here to do tes ting 
l. Size of food company 
2. Nature of food product being produced 
3. Testing volume 
4. Available resources (capital, personnel, facilities) 
5. Knowledge base 
6. Corporate structure/philosophy 
7. External factors (mergers, consolidation , downsizing, government 
regulations, vendor requirements, evolution in testing methodologies) 
Options for testing 
l. In-house lab 
2. External, off-site lab 
3. In-house lab staffed by outside personnel 
Advantages of an in-house lab 
l. Proximity to production 
2. Confidentiality guaranteed-perception 
3. "Confidence" factor 
4. Possibility of combining QA and lab functions 
Advantages of an external lab 
l. Expertise 
2 . Range of analytical services 
3. Pay for services (no investment) 
4 . Lab not likely to be blamed for in-plant or product contamination 
5. Lab QC/QA, methods comparison , analyst proficiency testing 
6. Broader range of instrumentation 
7. Economies of scale 
8 . Flexible hours 
9. Perceived impartiality 
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Advantages of an in-house lab staffed by outside personnel 
l. Allows plant to focus on production 
2. Proximity to production 
3. Link to expertise , expanded testing capabilities 
4 . Access to existing lab QCJQA programs 
5. Lab personnel don't count in the corporate "head count" 
6. Plant doesn't need to deal with personnel issues (sick leave, maternity 
leave, vacancies,benefits, discipline, training, weekend work, down time) 
7. Perceived impartiality 
Main factors impacting decision to outsource testing 
l. Cost (real vs. perceived) 
2. Personnel 
3. Availability of expertise 
4. Availabili ty of facilities 
5. Capital investment costs 
6. Required turn-around time 
7. History of corporate testing 
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Use of Lyophilised Direct Vat Inoculation 
Starters in Mozzarella Cheese 
Patrick Veau 
Rhone Poulenc Texel 
France 
The use of selected starters for cheese production is generalized throughout 
the world. The first starters on the market were based on a non-defined blend of 
strains at low cell concentration. The second approach was non-concentrated 
starters, but with a defined blend in which each pure strain was well known in 
order to have starters well adapted to needs of the cheese producers . 
About 15 years ago, we launched a new concept: highly concentrated 
starters with a reduced number of strains to be used in direct vat inoculation. 
Today, this system of DVI (direct vat inoculation) is used throughout the world 
for various dairy applications like yoghurt, fermented milk, fresh cheese and 
most other cheese, from hard to semi-hard and soft cheeses. 
Based on a blend of pure strains with a controlled ratio, and based on 
acidification activity (or aromatisation capacity if relevant) of each component in 
the blend, it gives a high level of standardisation and reliability of the total 
activity of the blend and a guarantee of quali lity to the user. No more time, 
equipment, controls are needed by the cheese maker. The phage control is done 
by the starter producer, providing similar activi ty blends with different phage 
sensitivity. This concept also provides a very high level of protection against 
phages because there are fewer bacterial generations in the cheese plant since 
these cultures have high concentration and are used in direct vat inoculation. It 
also reduces the risks of contaminants and post acidification . 
Pasta filata (fresh mozzarella, Provolone , pizza cheese) is, today, one of the 
most important cheese types in the world, and it was of course the reason to 
develop this type of starter for this application. 
It is why we started about 5 years ago, in Europe, and especially in Italy, 
development and sales in this area, using the expertise of our italian colleagues, 
and local dairy schools . 
The targets were : 
I) to obtain the right acidification profile and texture 
2) to reach a pH 5.2 within 3 hours 30 minutes to 4 hours, before 
stretching for fresh Mozzarella and a shorter time for large pizza 
cheese production. 
3) to obtain the typical taste of traditional Mozzarella 
4) to obtain a cheese which was very easy to shred, had good meltability, 
did not oil out when cooking and had good stretchibility for pizza 
cheese technology 
5) to avoid browning for pizza cheese with no postacidification, it was 
essential to consume the largest quantity of residual galactose . 
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MOZZARELLA 
We now consider two types of cheeses: First, the typical italian Mozzarella . 
It is a fresh pasta filata with a final dry matter around 38 to 44% (56 to 62% 
moisture) , and a short shelf life . This cheese is eaten fresh. The second type of 
cheese is an industrial pizza cheese with dry matter about 50% and a longer shelf 
life . 
To achieve the acidification, four techniques are used · 
A) Fermentation by bulk set starters on media. Cultures are mainly 
St. thermophilus or mixed St. thermophilus, Lb bulgaricus (or other 
Lactobacillus) 
B) Acidification by citric acid 
C) Use of a mixed solution citric acid/lactic acid starters 
D) Fermentation with direct vat inoculation starters 
Solution A: 
This is the traditional system. Cheeses are generally tasty. The disadvantages 
are the risk of phages if the hygiene of the plant is not good because there are a 
large number of generations during starter growth. The cheese maker must have 
equipment and employees for starter preparation . 
Used by small - medium size factories and by the largest who produce high 
quality cheese . 
Solution B: 
This method uses chemical acidification . There is no significant lactic acid 
bacteria development . 
The cheese obtained by this method has no characteristic taste of Mozza-
rella , the curd is more dry and firm , the pH at stretching is about 5.60 or more . 
Advantages are cost, rapidity of processing and longer shelf life if there is no 
problem of contamination. Indeed there is no good protection against contamma-
tion . Another very important disadvantage is the high remaining level of sugars 
with browning defects at cooking. 
This solution is used by large factories , when they need a cost effective 
solution but not particularily high quality. 
Solution C: 
This method utilizes the advantages of the two systems (A and B) but also all 
the disadvantages used by large factories when they want to rapidly decrease the 
pH (with acid) and finish at 5.20 with starters to improve the quality with a 
shorter process time . 
Solution D: 
This method uses direct vat inoculation with lactic acid bacteria. 
This was developed to give cheese producers a tool for the production of a 
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high quality cheese, without phage problems, with easy and ready to use starters 
or high re liability. 
This solution is used for day to day production but could also be used as a 
back-up to avoid bulk starter preparation on Sunday or when there are phage 
problems. 
COMPARISON TABLE: marks are 0 for minimum , 10 for maximum 
TASTE TEXTURE PRESER- RELIABILITY 
VATJON 
BULK STARTERS 6-8 6-8 6-8 7-9 
CITRIC ACID 2 3-4 9 10 
MIX SYSTEM 4-6 3-5 7-9 8-9 
D.VI. 6-8 6-8 7-9 8-10 
DIRECT VAT INOCULATION FOR MOZZARELLA 
The first generation of blends that we developed was built using the 
following concepts : 
• Direct vat inoculation system 
• Lyophilisated starter with long shelf li fe ( 18 months) 
• High bacterial concentration 
• Streptococcus thermophilus: 2 types of strain in each blend: 
• The first type with rapid acidification at the beginning, 
when the pH is about 6.60 to 5.80 and a slower acidification at lower 
pH . 
• The second type with a stronger acidification capacity, in total lactic 
acid production but with a longer lag phase when it grows at a temperature below 
40°C. The mix of the two types o[St. thermophil us has the advantages of both: 
RAPID ACIDIFICATION AND HIGH ACID PRODUCTION, to reach the pH 
target at about 5.20 rapidly. 
In some cases, when it is necessary to reduce galactose levels to avoid 
browning during cooking, we add a Lactobacillus helveticus. Indeed St. 
thermophil us is galactose negative and Lb. helveticus is galactose positive. 
As example of Mozzarella process wi th these cultures : 
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CHEESEMAKE ELAPSED PH TEMPERATURE 
STAGE TIME 
Inoculation - 45' 6.60 37°C 
Rennet 0' 6.60 
Cut 30' 
Heat on 40' 
Heat off 1 hours 10 min 42°C 
Pitch 2 hours 10 min 6.20 
Whey off complete 2 hours 30 min 
To cooker-stretcher 3 hours 15 min 5.25 
This result is obtained with the following cultures: 
St thermophil us TA 550 series, at 3 units per 100 lit res, plus Lb helve tic us 
LH 100 at 1 unit per 100 litres of milk. We can see that in 4 hours, the pH target 
is reached . 
In a second example of a traditional Italian Mozzarella , made only with TA 
550 at 2 units perlOO litres milk , the total time between inoculation and stretch-
mg at pH 5.20, is 4 hours 30 minutes . 
These two examples show that we can make traditional Mozzarella with 
lyophilisated direct vat inoculation starters . In different European countries, 
these cultures have been used for more than 5 years. However, the processing 
time of more than 4 hours is too long for large factories . 
Working with a bulk set starter could give a shorter processing time , mainly 
because the latent period is shorter and the bulk starter provides acidity at the 
beginning, decreasing the pH to about 6.30. But the quality of cheeses are similar 
and we have improved security against phages and also reliability in performance 
by using DV! . 
To obtain the same result with these DVI cultures as with bulk set starters in 
terms of time, it would be possible if we make an addition of citric acid to obtain 
a pH of about 6.00 at rennet addition, but the cheese will have some characteris-
tics, like cheese made only with citric acid . 
This is why we are developing a new generation of DVI starter for pasta 
filata , mainly for large factories where processing time is important, based on the 
same concept as the first generation but with a higher activity We always use 5t 
thermophil us and Lb helveticus. With these new cultures, the pH of 5.20- 5.30 is 
obtained at about 2 hours 20 of maturation after coagulation. The total process 
time between inoculation and stretching is about 3 hours 30. These cultures 
have been sucessfully tested in industrial plants and we have developed condi-
tions of use for the continuous coagulator. The rate of inoculation is 2 units 
per100 lines milk. 
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There is now a solution with direct vat inoculation starter. compatible with 
the needs of large pasta filata factories in term of processing time, giving the same 
quali ty as bulk set starter, and with the advantages of the direct inoculation for 
simplicity and reliability 
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Industry-Academia Partnerships 
David M. Barbano, 
Northeast Dairy Foods Research Center 
Cornell University 
The world for corporations and public educationaVresearch institutions has 
changed. In the corporate world competition has driven reorganization , restruc-
turing, and down sizing to maintain economic viability. Improved efficiency in 
product manufacturing and product development are key avenues for improving 
competitiveness and are the things that most companies will and must do best if 
they are going to remain competitive. 
In the educational and university research environment the world has also 
changed. Costs have increased in both teaching and research. Public support 
through both federal and state taxes has been reduced due to increased demands 
for tax dollars from growing public assistance programs and other programs that 
maintain the infrastructure of our nation . These funding reductions have caused: 
1) the price of college education to increase as more of the cost is shifted from the 
public sector to the student's family and 2) a dramatic reduction in state and 
federal funding for research. The reduction in state and federal funding for dairy 
foods research has created a need for developing partnerships with industry to 
pool resources to conduct dairy foods research. 
The first step in developing a partnership is communication and 
identification of common needs. In the case of dairy product research , the 
industry (i.e., dairy product manufacturers, suppliers, equipment manufacturers, 
food processors that use dairy ingredients, etc .) needs new knowledge that results 
in technologies to improve (e.g., efficiency of production, safety, quality, etc .) 
existing products and development of new technology that allows the develop-
ment of new products. Universities need to conduct research that will develop 
new knowledge and technologies that will benefit society in general, and specific 
sectors of the industry. 
How can this communication process occur? Both informally and 
formally. Informal communications can occur at industry conferences like this 
one, scientific meetings, or by direct contact. Formal communications can occur 
by industry members serving on advisory boards of Food Science departments or 
Dairy Centers. For example, at the Northeast Dairy Foods Research Center 
(N EDFRC) industry advisory board members help set research goals and objec-
tives for the center. 
The second step in developing a partnership is commitment. For 
example, the university commitment at the NEDFRC is the salaries of faculty and 
staff that have a job description that commits their teaching, research , and 
21 
extension efforts to dairy foods. In addi tion, the building space and mainte-
nance , equipment and utilities used for dairy foods programs is part of the 
university's commitment of resources. The industry commitment needs to 
provide two key resources: I) time of a person(s) within each participating 
company to act as a communication link to help set goals, review research 
proposals and budgets, evaluate and implement results and 2) cash or equipment 
contributions to support the operational costs of doing the research. Each 
university has a number of ways that companies can provide funding in support 
of research that allows the funding company to have the first (or in some cases 
exclusive) opportunity to use the results of the research they funded. Establish-
ing these details on a company by company basis is part of developing the 
partnership. In the case of the Dairy Centers, each center is a three way partner-
ship between the university, dairy farmers (i.e., DMI and local promotion units), 
and individual corporations. 
The final step is implementation of results. Once a research project is 
completed, there is a need for technology transfer. The gap between the end of a 
research project and full implementation of a new technology varies greatly from 
project to project. If both the university and industry partners did their jobs well 
in the first step that identified an industry need and jointly set research goals and 
objectives that would address that need, then the results of the research should 
be of interest to the industry sponsors and technology transfer will be appropriate 
for some companies. However, to successfully transfer a technology it again 
takes commitment by both the university and individual companies to adapt the 
technology to the local conditions of individual processing plants. 
Example: 
The NEDFRC worked with its industry advisory board to identify a need . 
The need that was articulated by several members of the NEDFRC advisory board 
was that cottage cheese shelf-life was too short to meet the minimum require-
ments for time in the distribution channels of large supermarket chains (i.e., 28 
days). As a result, the quality of cottage cheese reaching consume rs at sell by 
date was in many cases not acceptable. This information and some details about 
the characteristics of the spoilage process were communicated to faculty at the 
center. The result was the preparation of a research proposal, review of the 
proposal by the advisory board , and approval of the project. As the project was 
being carried out, annual updates of results were provided to the advisory board. 
The initial project developed a new technology to dissolve carbon dioxide into 
the cream dressing prior to packaging and then package the product in a con-
tainer that would prevent the loss of carbon dioxide from the product. The 
laboratory results looked very positive (i .e ., that microbial spoilage could be 
delayed to between 50 and 100 days depending on the level of carbon dioxide) , 
but the question was "Will it work in a commercial environment?" At this point , 
three of our industry partners on the NEDFRC Advisory Board volunteered to 
work with the university staff to implement this technology in their factory. The 
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bouom line is that the technology has been implemented in three couage cheese 
factories in the Northeast and some other couage cheese factories outside the 
Northeast. In fact, this technology is so auractive that the NEDFRC and other 
companies are investigating its application to a wide range of refrigerated dairy 
food systems (e .g., raw milk, ice cream mix, processed fluid milks, cheese sh reds, 
etc.). It appears that there will be many more applications in the dairy industry 
for this technology than just cottage cheese. 
CONCLUSION 
Successful industry/academia partnerships are like any other partnerships, 
they require open and frequent communication, identification of common goals, 
and team work to implement the results. The Dairy Centers are an opportunity 
for companies to enter into a partnership designed to solve fundamental industry 
problems that will improve the success of individual companies and the dairy 
industry. 
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Product Yield Formulae: Evaluation of 
Plant Efficiency and Decision Making for 
Fortification 
David Barbano, 
Northeast Dairy Foods Research Center 
Cornell University 
Evaluation of Plant E!Ticiency: 
The there are two general categories of predictive formulae for cheese 
yield that can be used in a cheese factory: a)~ yield formulae and b) 
actual yield prediction formulae. In most cases a cheese factory should be using 
both approaches because the purpose of each type of formula is different. The 
purpose of using a theoretical yield calculation is to provide a constant measure 
of the efficiency of milk solids recovery as cheese. In the case of the theoretical 
cheese yield formula , the moisture and salt adjusted actual cheese yield divided 
by the theoretical yield multiplied by 100 is calculated based on milk composi-
tion and is a measure of the efficiency of the plant (i.e. , cheese yield efficiency). 
As milk composition and actual yield varies greatly across the year, the calcula-
tion of cheese yield efficiency will provide management with a measure of how 
well they are recovering the fat, protein, and other solids in the cheese. Moisture 
and salt control relative target values are a separate management issue. The 
purpose of using an actual yield prediction formula is to predict that amount of 
cheese that will be made in future days, weeks, or months from a given weight of 
milk based on the past history of actual yields obtained in that factory. This 
information is particularly useful in milk procurement, financial, inventory, and 
marketing planning. Thus, it is clear that use of these formulae is not an either/ 
or choice. The information and knowledge gained from these formulae is differ-
ent and should be used for different purposes in management. 
The theoretical yield formulae have their basis in the scientific literature 
that has characterized how the milk solids components that are retained in 
cheese will partition between cheese and by-products under "ideal conditions" 
(1). Recent industry practices of using milk fortified with nonfat milk solids, 
production of low fat cheeses, and double standardization have made it necessary 
to modify some of the commonly used Van Slyke formula to accommodate these 
conditions (2). These ideal conditions should be achievable in a commercial 
cheese making plant, but may be better than the performance achieved by some 
factories. As the name theoretical yield implies, this measure of yield based on 
milk composition is a target that every factory should try to achieve or even 
exceed. It is important that the target be held constant over a long period of time 
to get a valid evaluation of the performance of a cheese plant. In addition, 
approximate mass/balances for fat and protein can be calculated to determine if 
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the low cheese yield efficiency is being caused by excessive fat or protein losses or 
both. Details of theoretical cheese yield formulae have been summarized in other 
publications (l)_ 
The actual yield predictive formu lae are usually based on multiple linear 
regression (MLR) analysis of past actual yields (not adjusted for moisture and salt 
content) as a function of measures milk composition (3) andlor milk quality. 
Coefficients for the prediction equations may exhibit relatively repeatable sea-
sonal variation from year to year, if there are systematic seasonal changes in 
cheese moisture, salt, fat recovery, or other factors that influence actual cheese 
yield. This type of equation provides yield predictions that are very useful for 
milk procurement, financial , inventory, and marketing planning, but this type of 
equation is not the best approach to evaluate and improve yield performance 
with respect providing specific information about efficiency of recovery of milk 
fat and casein in cheese. 
Decision Making for Fortification and Composition Control : 
It has become common practice in both Cheddar and Mozzarella cheese 
manufacturing in recent times to fortify milk for cheese making with nonfat milk 
solids or sometimes both nonfat milk solids and milk fat. There are several 
factors that can motivate a cheese maker to fortify milk used for cheese making. 
Two of the most important factors are a) the current pricing policy in the US that 
makes the price of nonfat dry milk (NDM) lower than condensed milk per unit 
of protein (4) and b) the beneficial impact of fortification on the amount of 
cheese produced per hour of labor and per unit of daily fixed cost (5). 
In the past 12 months the wholesale market prices for raw milk, milk fat , 
NDM, and cheese have undergone some of the most dramatic increases in a short 
period of time that have occurred in recent history. The question every cheese 
maker should be asking is "should I be changing my strategy with respect to 
fortification of milk prior to cheese making and should I lower the FDB in my 
low moisture part skim Mozzarella to sell more fresh cream?". Since so many 
prices are changing at the same time, and not necessarily in the same proportion , 
it is not easy to "eye ball" the data. A good way to analyze the data and make 
decisions is to use a linear optimization model to determine what mix of ingredi-
ents at their current prices will give the maximum difference between total 
ingredient cost and total product plus by product revenue (6) . An additional 
complication in this evaluation is that the answer may differ depending on 
composition of the low moisture part skim Mozzarella cheese you are making. 
In this presentation we will look at two extremes of pricing conditions 
that have occurred within the past 12 months, as shown in Table L The actual 
composition of raw milk received at the factory was held at a constant 3. 74% fat , 
3.27% protein , and 12 .55% total solids. Both fresh and whey cream contained 
40% fat. Nonfat dry milk contained 1.06% fat, 35.78% protein, and 5% mois-
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ture. An evaluation was done for four different compositions of low moisture 
pan skim Mozzarella cheese as listed in Table 2. For each product an evaluation 
was conducted to determine the difference between ingredient cost and gross 
revenues using three different approaches: first - only removal of cream lO obtain 
the desired FDB target in the cheese, second - addition of NDM plus removal of 
cream to obtain 13% total solids in the vat and achieve the final FDB target in the 
cheese , and third - addition of NDM plus removal of cream lO obtain 14% wtal 
solids in the val and achieve the final FDB target in the cheese. The value of 
whey solids was held constant across all calculations to allow the determination 
of the impact of the two different raw material and product pricing scenarios and 
four different cheese compositions on the decision making in milk fortification . 
The gross revenues minus the ingredient costs (i.e., nel revenues in $/ 
hundred weight of milk) for each cheese composition for each pricing scenario 
are shown in Table 3. Under pricing scenario 1 (i.e., low prices) all product 
compositions show a positive revenue wtlh the cheese composition 1 being the 
most profitable and cheese composition 2 being the least profitable. For all 
product compositions it was more profitable lO increase the milk solids level in 
the val by adding NDM than lO standardize by cream removal only. Under 
pricing scenario 2 (i.e., high prices) the total net revenues increased dramatically 
for all four product compositions indicating that the relative relationships be-
tween increasing prices of raw materials, products, and by-products did nol 
change in proportion to each mher. In addition, il is interesting lO note that the 
order of profitability among the four cheese compositions is different in the two 
pricing scenarios. Under pricing scenario 2, product composition 4 and l 
switched positions in net revenue ranking compared lO price scenario 1. Product 
composition l was the most profitable and product composition 4 was the 
second most profitable under pricing scenario 1, while under pricing scenario 2 
product composition 4 was more profitable than product composition 1 at all 
levels of fortification. 
It also interesting to look further into the contribution of the cheese and 
each by-product to the net revenue for each cheese composition under each 
pricing scenario for each of the three levels of fortification. In Table 4, the lOla I 
net revenues and the contributions to total net revenue of each by-product and 
the cheese with ll.Q fortification are shown for each product composition in each 
pricing scenario. In pricing scenario 1, the cheese made a negative contribution 
to nel revenues for all four cheese compositions. Thus, revenues from by-
products are providing all the potential for profitability. In pricing scenario 2, the 
contribution of cheese lO net revenues was positive but the relative contribution 
of cheese to total net revenues decreased from cheese composition 1to 4. In this 
case, the lOtal net revenue of a cheese factory producing product composition 1 
will be more sensitive lO changes in cheese price, while the total net revenue of 
cheese factory producing product composition 4 will be more sensitive lO 
changes in fresh cream prices. Similar data for fortification with NDM to a level 
of l3 and 14% solids are shown in Tables 5 and 6, respectively. With increasing 
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level of fortification, the absolute and relative contribution or the cheese to total 
net revenues increases. The absolute impact of increasing level of fortification on 
actual net revenues was about the same in either price scenario within each 
cheese composition. Fortification improved net revenue for cheese composition 1 
the most and for cheese composition 2 the least under price scenario 1. Under 
price scenario 2, fortification improved net revenues for cheese composition 1 the 
most and for cheese composition 2 the least. In all cases, product composition 4 
has the highest proportion of its net revenue provided by revenues from by-
products, while product composition 1 always derives more revenue from cheese 
than from by-products. 
When prices of cream are high and changing rapidly (as in Price Scenario 
2) there is always a question or whether the milk [at is worth more in the cheese 
or as sales of fresh cream. When cream prices are high should a cheese maker 
lower the FOB of the Mozzarella cheese and sell more fresh cream? This is a 
question that can be answered using the linear optimization model. A sensitivity 
analysis can be conducted to determine the changes in strategy that should be 
taken as cream price increases and all other prices remain constant. In Table 7, 
data are presented for product compositions 1 and 4 for a range of cream prices 
of $1.81 per pound of milk fat and higher to determine when the price has 
increased to a point where a change in cheese manufacturing strategy is war-
ranted in a cheese plant that is currently fortifying milk in the vat to 13% total 
solids. In the case of product composition 1 the optimization model can choose 
to decrease the FOB of the product from 45 to 40% and for product composition 
4 from 3 7 to 33% FOB, if this will maximize net revenue. The model can 
recommend that fortification continue or be discontinued and it also could 
decide to reduce the FOB as the price of cream increases. The outcome of this 
evaluation is very interesting. As the price of the cream is increased from $1.81 to 
$2.05 there are no changes in manufacturing strategy for either product. Between 
$2.05 and $2.50 the program recommends discontinuing the fortification with 
NOM for product 1 but not product 4. As the cream price is increased from 
$2.50 to $2 .75 the program recommends discontinuing the fortification with 
NOM in product 4 also . However, at the cream price $2.75 the program still 
predicts that maximum net revenue will be achieved by maintaining the FOB at 
the upper limits for both products. It is interesting that fortification with NOM 
should be discontinued as the cream price increases (and the NOM price is 
constant), but the cheese FOB should still be maintained at the high end of the 
range. The program finally recommends that the FDB be reduced to the lower 
limit and more fresh cream be sold when the cream price is between $3.15 and 
$3.20 for product composition 1 and between $3.25 and $3.50 for product 
composition 4. Thus, the decision to discontinue fortification and when to start 
taking fat out of the cheese is different for different cheese compositions. The net 
revenue for product composition 4 increased much more rapidly with increasing 
cream price than product composition 1 because most of the net revenue for 
product composition 4 was produced by fresh cream sales instead of cheese, as 
seen in Tables 4 , 5, and 6. 
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When prices of NDM are high and changing rapidly (as in Price Scenario 
2) there is also a question of whether fortification should be discontinued. 
When does NDM price get so high that a cheese maker should discontinue 
fortification? This is also a question that can be answered using the linear 
optimization model. A sensitivity analysis can be conducted to determine the 
changes in strategy that should be made as NDM price increases and all other 
prices remain constant. In Table 8, data are presented for product compositions 1 
and 4 for a range of NDM prices of $1.29 per pound and higher to determine 
when the price has increased to a point where a change in cheese manufacturing 
strategy is warranted in a cheese plant that is currently fortifying milk in the vat 
to 13% total solids for manufacture of low moisture part skim Mozzarella cheese . 
For product composition 1, as the price of NDM increases, a processor should 
stop adding NDM when the price reaches approximately $1.455 per pound. For 
product composition 4, a processor should stop adding NDM when the price 
reaches approximately $1.476 per pound. Thus, as the price of NDM increased 
the price at which a processor should have stopped adding DM would depend 
on the moisture and FDB of the cheese. For example , in price scenario l , the 
base price for NDM was $1.08 per pound. When all other prices were held 
constant in price scenario 1, the NDM prices at which a processor should stop 
adding NDM were $1.269, $1.204, $1.218 , and $1.236 for product composi-
tions 1, 2, 3, and 4, respectively. In price scenario 2, the base price for NDM was 
$1.29 per pound. When all other prices were held constant in scenario 2, the 
NDM prices at which a processor should have stopped adding NDM were 
$1.455, $1.376, $1.429, and $1.476 for product compositions 1, 2, 3, and 4, 
respectively. Product composition 2 showed the most difference in response to 
changing NDM price between the two scenarios. Changing NDM price will not 
change the decision about leaving fat in the cheese . 
Conclusions: 
Theoretical yield formulae are useful in evaluating yield efficiency in 
cheese factories and to help plant management identify the cause of low cheese 
yields. Yield formulae for predicting actual yield based on past performance of a 
cheese factory are useful for milk procurement, financial , and marketing plan-
ning. The decision making process to determine if milk fat is worth more in the 
cheese than as fresh cream and to determine when NDM so expensive that 
fortification of cheese milk with NDM is not economically viable when prices are 
rapidly changing is not easy. The composition of the cheese with respect to 
moisture and FDB can influence the critical price value at which a change is 
strategy should be made. Using a linear optimization model is one approach to 
rapidly provide information for decision making when prices of ingredient and 
products are changing along with changes in composition of the milk ingredi-
ents. 
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TABSLE 1. Price assumptions used in the example calculations: 
Price Scenario 1 
Millk Pricejcwt 
~ 3.5% fat 
Fatt Differential 
Che=ese Price 
Sep?arated Whey 
$> per pound 
oJf solids 
Freash cream 
$)/lb of fat 
Whmy Cream 
$)/ lb of fat 
Nomfat Dry Milk 
$i/lb of NDM 
12.67 
.057 
1.22 
.08 
.84 
.70 
1. 08 
Price Scenario 2 
14.49 
.159 
1. 67 
. 08 
1. 81 
1. 30 
1. 29 
1----------------------------------------------------
TABlLE 2. Four different low moisture part skim Mozzarella cheese 
compositions that might be made in the same or different 
factories. 
Moi!sture 
Fat on a Dry 
B<asis 
1 
47 
45 
Product Composition 
2 3 4 
45 49 52 
44 40 37 
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TABLE 3. Net revenue for product compositions 1 though 4 underr twc 
different milk and product pricing conditions aat 
different fortification levels . 
Price Scenario 1 Price Scennaric 
2 
Fortification Product composition Product Composii tim 
Level 1 2 3 4 1 2 3 4 
------------- ---------------------- ----------------------$jcwt $j cwt 
none 1.46 .78 .93 1.12 5.23 4.40 4.96 5.4! 
13 % solids 1. 65 .92 1.15 1. 41 5 . 40 4.49 5.17 5. 7! 
14% solids 1.82 1. 03 1. 28 1. 57 5.55 4 . 57 5.30 5. 9~ 
TABLE 4. Net revenue from each by-product and from cheese~ fo 
product compositions 1 though 4 under two different mil 
and product pricing conditions with no fortificaticon. 
2 
Source of 
Revenue 
Total Net 
Contributions 
cream 
whey cream 
whey 
Total By-Prod 
Cheese 
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Pri ce Scenario 1 
Product Composition 
1 2 3 4 
$j cwt 
1.46 .78 .93 1.12 
.68 .80 1. 23 1. 51 
.32 .30 . 25 .22 
.47 .47 . 48 .48 
----------------------
1.47 1.57 1.96 2.21 
- . 01 - . 79 -1.03 -1.09 
Price Scemari 
Product Compos Jitio 
1 2 3 4 
$j cwt 
5.23 4.40 4.96 5.4 
1. 47 1. 73 2 . 66 3. 
.59 .56 .47 .4 
.47 .47 .48 .4 
-----------------·----
2.53 2 . 76 3.61 4.1 
2.70 1.64 1.35 1.2 
TA\BLE 5. Net revenue from each by-product and from cheese for 
product compositions 1 though 4 under two different milk 
and product pricing conditions with fortification to 13% 
solids. 
2 
So)urce of 
R{evenue 
Tmtal Net 
Comtributions 
crream 
wh·tey cream 
wh·tey 
Tmtal By-Prod 
Chteese 
Price Scenario 1 
Product Composition 
1 2 3 4 
$jcwt 
1. 65 .92 1.15 1.41 
.38 .49 .86 1.12 
.34 .33 .29 .26 
.51 .52 .55 .56 
----------------------
1. 23 1. 43 1. 70 1. 94 
.42 -.42 -.55 -.53 
Price Scenario 
Product Composition 
1 2 3 4 
$jcwt 
5.40 4.49 5.17 5.80 
.84 1.05 1.86 2.42 
.64 . 62 .54 .48 
.51 .52 .55 .56 
----------------------
1. 99 2.19 2.95 3.46 
3.41 2.30 2.22 2.34 
TAIDLE 6. Net revenue from each by-product and from cheese for 
product compositions 1 though 4 under two different milk 
and product pricing conditions with fortification to 14% 
solids. 
2 
Sowrce of 
Revenue 
Tottal Net 
Comtributions 
cream 
whey cream 
whey 
Total By-Prod 
Cheese 
Price Scenario 1 
Product Composition 
1 2 3 4 
$jcwt 
1.82 1.03 1.28 1.57 
.13 .23 .63 1.11 
.37 .36 .31 .26 
.55 .56 .59 .61 
----------------------
1. 05 1.15 1.53 1. 98 
.77 -.12 -. 25 -.41 
Price Scenario 
Product Composition 
1 2 3 4 
$jcwt 
5.55 4.57 5.30 5.97 
.28 .50 1. 37 1. 97 
.69 .67 .58 .52 
.55 .56 .59 .61 
----------------------
1. 52 1. 73 2.54 3.10 
4.03 2.84 2.76 2.87 
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TABLE 7. Net revenue and milk standardization strategy for produc=t 
compositions 1 and 4 when cream prices increase undrer 
price scenario 2 conditions starting with fortificatioJn 
to 13% solids and removal of some fresh cream. 
Product Composition 1 Product Composition 4 
---------------------- ----------------------
Cream Add Reduce Net Add Reduce Net 
Price NDM FDB Revenue NDM FDB Rev en we 
------------- ---------------------- -----------------------$/lb of fat $jcwt $jcwtt 
1.81 yes no 5.40 yes no 
5.80 
2.05 yes no 5 . 51 yes no 6.111 
2.50 no no 5.79 yes no 6. 711 
2 . 75 no no 5.99 no no 7. 411 
3.15 no no 6.32 
3.20 no yes 6. 3 6 
3.25 no yes 6.43 no no 8. 044 
3.50 no yes 8. 50) 
TABLE 8. Net revenue and milk standardization strategy for product 
compositions 1 and 4 when NDM prices increase under price 
scenario 2 conditions starting with fortification to 1~ % 
solids and removal of some fresh cream. 
NDM 
Price 
Product Composition 1 
Add 
NDM 
Net 
Revenue 
$/lb $jcwt 
1. 29 
5.80 
1. 39 
1. 45 
1. 47 
1. 49 
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yes 5.40 
yes 5. 30 
yes 5.24 
no 5. 23 
no 5.23 
Product Composition 4 
Add 
NDM 
yes 
yes 
yes 
yes 
no 
Net 
Revenwe 
$jcwt 
5.4 6 
5.45 
HACCP for Italian & Specialty Cheese 
Plants 
Marianne Smukowski, Wisconsin Center for Dairy 
Research, UW-Madison and Dean Sommer, Alto 
Dairy 
I. Dairy Product Safety System 
A. Pure, safe, high quality dairy products 
B. Long-tenn strategy 
I. Uniform program for all dairy products 
2. Reduce regulatory burdens 
3. Eliminate duplication of inspections 
4. Promote a dairy product safety approach based on the cost-benefits 
of preventing food -borne illness 
C. Safety System Components 
I. GMP/Prerequisite program 
2. HACCP 
3. Employee Training 
D. TQM, ISO 9000, and HACCP 
II. Hazard Analysis Critical Control Points (HACCP) 
A. NASA, Pillsbury, Natick beginnings 
B. HACCP is a management tool that provides a more structured approach to 
the control of identified hazards than that achievable by traditional inspec-
tion and quality control procedures 
C. HACCP has international recognition 
D. One of them advantages of the HACCP concept is it will enable a dairy 
food manufacturing company to move away from a philosophy of control 
based on testing (i.e. testing for failure) to a preventive approach whereby 
potential hazards are identified and controlled in the manufacturing environ-
ment (i.e., prevention of product failure). 
E. HACCP has many other benefits as well : 
I. Ensures dairy product safety 
2. Is science-based 
3. Focuses appropriate technical resources to cri tical processes 
4. Lessens emphasis on end-product testing 
5. Focuses on prevention 
6. Effective use of resources 
7 _ Meets customer expectations 
ill. Implementing HACCP 
A. Adequate GMPs/Prerequisites in place 
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II 
! I 
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B. Gain management commitment 
C. Assemble the HACCP team 
1. Team should consist of individuals who have specific knowl-
edge and expertise appropriate to the dairy product and 
process 
2. Team should be multi-disciplinary and should include all 
personnel who are directly involved in the daily process 
activities, as they are more familiar with the operation. 
D. Describe the dairy food and method of distribution 
E. 
F. 
1. Composition 
2. Structure 
3. Processing 
4. Packaging system 
5. Storage 
6. Required shelf-life 
7. Instructions for use 
Identify intended use and potential consumers 
Develop and verify a flow diagram 
1. The purpose of the flow diagram is to provide a clear, simple 
description of the steps involved in dairy product manufactur-
ing. 
2. The flow diagram should consist of words in blocks, not 
engineering drawings. 
3. HACCP team should inspect the operation to verify the 
accuracy and completeness of the flow diagram 
G. Conduct a hazard analysiS 
1. A hazard is any microbiological, chemical or physical property 
that may cause a dairy food to be unsafe for human consump-
tion. 
2. Hazard components 
a. Microbiological hazards 
1) Severe- Clostridium botulinum 
Listeria monocytogenes 
Salmonella typhi, paratyphi, dub/ill 
2) Moderate with extensive spread 
Salmonella spp. 
Shigella spp. 
E. coli 
Crytosporidium 
3) Moderate with limited spread 
Bacillus cereus 
"I 
Campylobacter jejuni 
Clostridium perfringens 
Staphylococcus aureus 
b. Chemical hazards 
1) Natural toxins 
2) Metals 
3) Drug residues 
4) Sanitizer residues 
5) Pesticide residues 
6) Food additives 
7) Inadvertent chemicals 
c. Physical hazards 
I ) Metal 
2) Glass 
3) Inseclfpest pans 
4) Dirt 
5) Wood fragme nts 
6) Personnel 
7) Incoming raw ingredients 
H. Critical control point - any point, step, or procedure at which control can be 
applied and a dairy food safety hazard can be prevented, eliminated, or 
reduced to acceptable levels. 
I. CCP decision tree (attached) 
J. Critical limits 
K. Monitoring/inspection - a planned sequence of observations or measure-
ments to assess whether a CCP is under control and produce an accurate 
record for future use in verification 
L. Corrective actions - procedures to be followed when a deviation occurs 
M. Records - should include the HACCP plan 
N. Verification - use of methods, procedures, or tests in addition to those used 
in monitoring to determine that the HACCP system is in compliance with 
the HACCP plan and/or whether the HACCP plan needs modification and 
revalidation 
I. Scientific or technical process to verify that cri tical limits at CCPs 
are satisfactory 
2. Process verification ensures that the facility's HACCP plan is 
functioning effectively 
3. Documented periodic revalidations, independent of quali ty audits or 
other verification procedures, that must be performed to ensure the 
accuracy of the HACCP plan 
0 . Evaluating and revising HACCP systems 
Triggered by: 
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I. New potential hazard for that dairy food 
2. Existing HACCP out of state 
3. Response to new dairy product development 
4. Response to manufacturing change 
5. Response to regulatory inspection/change 
6. Combination of above 
IV. Model/Generic HACCP Programs 
A. Fluid Milk 
B. IceCream 
C. Cheddar cheese 
D. Mozzarella cheese 
E. Yogurt 
F. Butter 
V. Regulatory Prospectus 
A. Seafood program - FDA 
B. Meat program- USDA 
C. Universal food HACCP program - FDA 
References 
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Microbiological Control for Cheese 
Making 
Mark E. Johnson, 
Wisconsin Center for Dairy Research, UW-Madison 
In regards to microbial contamination and growth in cheese, the basic 
premise is simple; fi rst, keep the bacteria out of the milk, second, kill the bacteria 
in the milk through heat-treatment, third , keep the bacteria out of the cheese , 
and fourth , during manufacture and storage , create an environment within the 
cheese so that if the first three steps are not successful , the contaminating bacteria 
do not grow. 
Effeqiveness of Heat -treatment 
I. Heat resistance of the bacteria (temperature and time) 
2. Numbers of the bacteria 
3. Sanitation-milk stone, biofilms build-up on equipment 
False Security 
Post-Pasteurization Contamination 
I. Biofilms on equipment (Dairy plant environment) 
Original source-' 
2. People 
Skin 
Movement from "clean" area to contaminated area and back 
3. Air 
4. Other ingredients 
Vegetables, spices 
5. Starters 
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Faqors Controlling Bacterial Growth 
l. pH 
2. Acid (lactic, acidic, propionic) pKa 
3. Temperature 
4. Moisture 
5. Water activity 
Salt 
6. Redox potential 
7. Naturally occurring substances developed during ripening 
-fatty acids -hydrogen peroxide -bacteriocins 
8. Nutrient competition, availability 
9 Time 
Manufacturing 
1. Cheese composition 
2. Rate and extent of acid development 
3. Whey dilution, curd rinse 
4. Direct acidification 
5. Ripening temperature 
Distribution 
l. Temperature (Lighting) 
2. Time 
3. On the spot preparation (individual cut/wrap) 
Personnel Training-Education 
Pasteurization 
16I"F IS seconds 
14S•F 30 minutes 
Purpose= To kill (UD) all pathogens 
To lower the total number of viable bacteria 
= Acid development is tben by starter only 
- Thus rate of acid development is cootroUed 
loctobocilli ( l58°F) 
f'o• 
LoctobociUi 
M. tuberculOSIS 
-6 L---L---7-..L_J_-~1;';;0---~IS 
Seconds of Ell;)osure (161 oF) 
L"-\;.\,...:,1\; \O,ooo,. Q .,.,o") I''" -\ 
'<0 \0 ,00 0 _______., \ r•· 
_, 
o• \000 ":::< (l ... ,o1) pe• ~I 
'"\<;) \000 ____, l -."'\ '0 _, 
loD 10 ,000 ___, I ;~ \00 
""'' 
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Applications for Magnetic Resonance 
Imaging (MRI) in Cheesemaking 
Moshe Rosenberg, 
Dept. o f Food Science and Technology, 
University of California-Davis 
Introduction 
Cheese quality, acceptability and commercial value are determined by 
manifestation of desired quality attributes. Success in current competitive mar-
ketplace is dependent on cheesemakers capabilities in meeting consumer and 
customers expectations. Cheesemakers are thus in need for means allowing 
monitoring and adjusting the development of quality attributes. Among such 
attributes are the structural characteristics of cheese. 
Cheese structure differs significantly among varieties however, variety-
specific structural features should be attained and maintained in a consistent 
manner. In some cases, such as with Swiss-type cheeses, structu ral features 
critically affect the overall score and hence grade and commercial value of the 
cheese . In contrast to the above, the presence of eyes is undesirable in other hard 
and semi-hard cheeses and is considered a defect. Other structural defects 
include pockets of whey and holes, and openings in cheeses caused by mechani-
cal means or by the growth of inappropriate gas-producing bacteria. The pres-
ence of such defects affects the quality of the cheese and its grade . 
Currently used practices to examine cheese structure are destructive and 
provide only limited information. In order to study the inner structure of cheese, 
it has to be cut or, a plug has to be drilled out. The destructive nature of these 
methods allows analyzing only a relatively small number of samples out of the 
production lot. In addition, these methods are expensive and wasteful. Cheese 
grading is currently based on a sampling plan which does not provide sufficient 
data to properly assess the true quali ty of the entire lot in question thus present-
ing a risk to both buye r and supplier. 
The structural features of cheese represent the overall effects of milk 
quality, cheesemaking practices and conditions as well as the effects of ripening 
conditions. Cheesemakers would benefit greatly by having opportunities to 
monitor the structural features of curds and cheeses during the process. Such 
opportunities would allow identifying process steps that need to be corrected, 
would allow removing defective cheeses out of the ripening rooms early in the 
process thus saving the cost of expensive storage, etc . 
It is clear from the above discussion that cheesemakers are in a need for 
non-destructive tools to allow rapid and consistent determination of structural 
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features of cheese. A non-destructive method for the determination of cheese 
structure, free of the aforementioned limitations, is provided by nuclear magnetic 
resonance (NMR) imaging (MRI). 
Magnetic Resonance Imaging 
NMR techniques have found numerous applications in medical diagnos-
tics. Potential applications for this technique in food and dairy industries have 
been explored only to a very limited extent. 
MRI exploits the magnetic properties of nuclei. The method generates 
internal images based on the magnetic properties of different nuclei such as H, N, 
P, etc. The method is based on placing a sample in a large, homogeneous mag-
netic field . The nuclei, which have a net magnetic moment, precess in this field. 
The rate of precession is the Larmor frequency, defined by the following equation: 
n=gB12p 
where: g is the magnetogyric ratio, n. is the frequency of precession , and B is 
the external magnetic field strength. 
When placed in the magnet of an imaging spectrometer, hydrogen nuclei 
of a sample (e.g., cheese) tend to align with the magnetic field. A radio-frequency 
pulse. transmitted from the spectrometer's amplifier to the sample via an antenna 
coil surrounding the sample (Figure 1), momentarily provides energy to align the 
hydrogen nuclei against the magnetic field. The relaxation of the nuclei to the 
lower energy state of alignment with the magnetic field is accompanied by a 
release of energy that is received by the same antenna coil and transmitted to the 
spectrometer for analysis. The ability to distinguish signals from different areas 
of the sample is conferred by the use of magnetic field gradients. The frequency 
emitted by nuclei in the magnetic field is directly proportional to the strength of 
the magnetic field. By imposing a magnetic field gradient on the magnetic field , 
nuclei at different positions along the gradient can be induced to emit energy, or 
resonate , at a frequency proportional to their position along the magnetic field 
gradient. Three orthogonal gradients provide three-dimensional information . 
Fourier transformation of the acquired signal allows the separation of a mixture of 
many frequencies into an orderly spectral map, which in MRI represents a spatial 
map . The assembly of a two-dimensional map of many scans produces a picture, 
often resembling a photograph. 
NMR signal intensity from an imaging experiment is primarily a function 
of nuclei density. This signal depends on the spin-lattice relaxation time (TI) and 
the spin-spin relaxation time (T2). In most systems, Tl and T2 are affected by 
temperature , moisture concentration , and other factors. If the relaxation times are 
known, the NMR image intensity can be corrected for relaxation effects and 
becomes a map of nuclei density. Since the relaxation times of hydrogen in water 
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and lipids are different, the contributions of each component to signal intensity 
can be determined. Comparison of the signal intensities to reference standards 
allows for accurate determination of the quantity of each phase. This means that 
images of areas free of hydrogen nuclei, i.e ., eyes, holes, and cracks in the 
entire cheese sample can be obtained. 
The use of MRI does not disturb the analyzed material; The method 
allows analyzing entire cheeses or parts of it without cutting or producing plugs. 
MRI can thus reveal the structural features of cheese in a nondestructive way that 
provides the same information that can be obtained from cutting the cheese. The 
use of MRI is not associated with any chemical changes in the cheese nor with 
the induction or enhancement of deteriorative reactions such as oxidation. 
Applications for MRl in manufacturing and grading of cheeses. 
Diagrams depicting potential applications for MRI in cheese manufactur-
ing, ripening, and grading are presented in Figs. 2&: 3. 
Different varieties of hard and semi-hard cheeses are characterized by the 
presence of eyes. The different geometrical parameters and distribution of these 
structural features reflect the overall result of milk quality, cheesemaking and 
ripening conditions. The best example in this regard are Swiss-type cheeses of 
which Emmentaler is probably the most famous one. Although all Swiss-type 
cheese varieties (Emmentaler, Gruyere, jarlbergost, Maasdamer, Appenzeller, 
Iowa-style Swiss cheese, etc.) exhibit eyes, they differ in specific eye pattern. 
Cheese quali ty, in these cases, is determined not only by the actual presence of 
eyes but also by the specific characteristics of the eyes. Among these are their 
dimensions, distribution, shape. etc .Eye formation in these cheeses is associated 
with optimal propagation, growth, and physiological state of Propionibateria 
included in the curd , as secondary starter, during cheesemaking. The ability of 
these bacteria to exhibit physiological activities to result in the accumulation of 
carbon dioxide, in the form of eyes, is critically dependent on numerous param-
eters related to the cheesemaking process and ripening conditions. It is thus 
necessary to develop capabilities to dynamically adjust cheesemaking and 
ripening conditions to allow optimal eye-formation. 
Identifying the initiation of eye formation during ripening is of critical 
importance to cheesemakers. MRI offers resolution capabilities to allow detection 
of such initiation and can easily detect cheeses that exhibit no eye formation 
(blind cheeses). The latter has an important economic implication. Cheese 
storage is an expensive process thus cheeses that exhibit no eye formation should 
be routed out of the ripening room as early as possible in order to avoid storage 
of defective cheeses. A 100% inspection is thus needed in this regard. Currently, 
this goal can not be accomplished because practices for examination of cheese 
structure would call for drilling a plug from each cheese. The 100% inspection 
capabilities provided by MRI can easily allow accomplishing the aforementioned 
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goal. 
The development of eyes is dependent (among many other things) on the 
absence of mechanical openings and whey pockets in the curd. The presence of 
such features reflects difficulties related to curd manipulation operations, pre-
pressing operations, molding, and/or pressing. It is of importance to identify on a 
100% inspection basis the presence of such features . Cheeses exhibited such 
defects would not develop into high quality cheeses and should thus be acted 
upon at early stage of the process. Additionally, such identification can allow 
correcting the process difficu lties in real time rather than acting in a "postmor-
tem" manner. Among these opportunities are adjustment of pressing parameters, 
elimination of conditions resulting in air pockets in the curs, improving of 
molding operations etc. 
The geometrical features of eyes significantly affect the quali ty, grade , and 
thus the commercial value of Swiss cheese. Among these are the shape, size, and 
distribution of eyes. Deviation from ideal features indicate difficulties related to 
both process conditions and curd composition. MRI provides means to detect the 
presence of difficulties related to these parameters, on a 100% inspection basis. 
Such identification would allow a two fold benefit. Identification of defective 
cheeses and of process variables that should be corrected. The later can provide a 
powerful tool to limit the occurrence of defects in future batches. 
Among the most commonly found structural defects that can be de-
tected by MRI analysis are: 
One sided cheese in which is the result of more numerous and/or more 
rapid eye development in the molding-vat side of the block or wheel 11 0] . The 
defect indicates a low salt concentration and relatively high moisture content 
typical of rind less cheeses ; it can , however, be found in wheel Swiss cheeses , as 
well . A temperature gradient in the curd during pressing, which leads to differ-
ences in whey drainage , bacterial growth and fermentation rates, is usually the 
cause of this defect. 
"nesty" and "pinny" defects. These defects consist of the presence of many 
small eyes or holes in a localized area. Such defects are the result of disturbance 
of the curd during knitting, or inadequate stirring before dipping or the incorpo-
ration of over dried curd panicles into the curd mass. 
Small nests just below the cheese surface result from incomplete press-
ing of the top edge. Larger nests are ctsually linked to incorrect manipulation of 
the curd during molding-vat filling or improper molding. 
frogmouth The "frogmouth" defect is the result of low elasticity of the 
curd leading to the rupturing of the curd, yielding to the C02 accumulation in a 
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defined zone frequently associated with high acid, high salt, or low moisture 
curds. 
splits or glass defect. Although this defect can stem from high acid and 
fat levels of the milk or poor whey drainage inducing the brittle features, accept-
able cheeses also develop this defect while stored at low temperatures. 
Overset areas are probably the most common defect found in Swiss-type 
cheeses. This defect is characterized by an excess of eyes per surface area or 
volume unit. The conditions leading to the formation of this defect may charac-
terize the whole cheese or may be the expression of a localized problem. The 
"overset- defect has several possible causes among which are: milk quality, starter 
contamination, make procedure, and air inclusion in the curd mass prior to 
pressing. The defect is linked to improper acidity level, unbalanced moisture , 
unbalanced and uncontrolled fermentation , poor pressing, and poor thermal 
treatment. 
The complexity of technological, biochemical and microbial parameters 
involved make production of high quality Swiss-type cheeses difficult. Early and 
accurate detection of defects by analysis of the curd structural features using MRI 
could prevent such defects. Many of the defects described above can been 
avoided by early detection of improper development of the eyes and by manipu-
lating the cheese accordingly during the ripening process. Early detection of the 
defects and the understanding of their cause can provide means to adjust the 
cheesemaking procedure and/or the ripening stage, and enable the detection of 
equipment failures. 
The application of MRI in cheese structure analysis is not limited to Swiss 
cheese. For example , open structure detected in Cheddar cheese may indicate 
several difficulties related to the cheesemaking process. Open structure is usually 
linked to high moisture content and enhanced gas production in the curd. The 
presence of gassy, mechanical, and slit openings indicate severe problems. Gassy 
openings are indications of contamination; mechanical openings reflect lack of 
acidity, poor whey drainage during salting and improper matting or cheddaring; 
slit openings are linked to gas formation characterized by poor knit between curd 
interfaces. Early and non-destructive detection of such problems can provide 
high value information to be used in order to eliminate quality problems in 
future batches. 
Based on the above, it seems that MRI units can be incorporated as an 
integral part of Swiss-and other type-cheeses manufacturing and ripening pro-
cess. Information regarding the structural features of cheese is very useful for 
quality control purposes, e.g., in the detection of cheeses that should be removed 
from the ripening process. Thus, MRI can provide means to identify defective 
cheeses at early stages of the ripening and can help to identify specific problems 
related to various unit operations (like pressing). The revealed information can be 
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Cheese Quality - Aspects Through the 
Production Chain 
Tapani Kivela 
Tetra Pak Tebel Oy -- Tebei, Finland 
There are many definitions for cheese and cheese quality. In the context of 
this presentation 
I use the following definit ions: Cheese is a milk protein concentrate with 
the levels of water and fat adjusted by the cheesemaker. Good quality cheese is 
cheese that is enjoyable to eat and people are willing to buy. 
The starting point for the approach IS that cheese quality is normally good, 
but is endangered by occasional factors . It is preferable to start fighting cheese 
quality problems as early as possible in the production chain . Preventing prob-
lems from occuring is better than repairing them aftetwards. 
The cheesemaking production chain starts at the dairy farm and ends at the 
point of consumption. Obviously there are several procedures along this chain 
which may have an impact on the cheese characteristics. The chain strength 
correlation to the weakest link is definitely valid for cheese production, even if 
the links are not of same importance. The main items are: milk, additives (espe-
cially the starter) and equipment. Personnel are naturally involved in all opera-
tions. In spite of starter importance, specific starter topics are beyond the scope 
of this presentation. 
Milk contamination by anaerobic spore formers leads to butyric acid fermen-
tation with severe organoleptic faults in the cheese . Prevention of this 
sporeformer contamination should and could be started on the dairy farm. Failed 
silage or fodder is the main source of anaerobic spores in milk. The influence of 
heavily contaminated surroundings can be partly overcome by better milking 
hygiene. There are also methods to remove the majority of the spores from milk 
(for example microfiltration) or reduce their activity in the cheese (for example 
selectively active starters). These methods tend to be either only partially effective 
or expensive. Some cures also involve unwanted side effects. 
The dairy farm is also the origin of starter inhibitors . These inhibitors lead 
to retarded acidification and various cheese defects in all major cheese character-
istics. It would be ideal if milk could be screened on the farm with a test that 
secures both human and technological safety. Results could then be comple-
mented by tests during milk transport and at the production plant. There is no 
practical way of overcoming the inhibitor effect in normal (starter involved) 
cheesemaking. 
The equipment in the cheese plant is no doubt important in many ways. 
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Since it is an investment for 10 to 20 years, it's importance should be considered 
carefully. lt can not relieve the kind of problems mentioned above , but it can be 
easier or tougher to achieve consistently good results depending upon the type of 
equipment the cheesemaker happens to have . Once again , it is difficult or even 
impossible to repair the mistakes earlier in the production chain. 
History might repeat itself in curdmaking. Considering the many tasks 
performed in the curdmaking tank , optimal results require optimal tools for the 
key operations. There should be separate tools for cutting and stirring, and 
maybe also for heating the curd. 
Curd collection and mold filling equipment should handle the curd as 
gently as possible. Cheese cooling sometime needs special attention. 
Cleanability and cleaning are of the utmost importance throughout the 
entire production chain. Here again , preventative measures are better than 
corrective actions. The US regulatory systems, with their regulations are exactly 
that , preventative. The cheesemakers should also be aware of new outbreaks by 
familiar organisms or some new microbial sLrains. 
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Tetra Pak Tebel Oy 
Emalikatu 10 B FlN-04400 jarvenpaa Finland 
Telephone +358 0 2912 1, Telefax +358 0 2912 389 
Cheese Quality-
Aspects Through the Production Chain 
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the levels of water and fat adjusted by 
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Cheese quality ? 
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